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TAIL SURFACES* 

By Ross B. Robinson and Gerald V. Foster  

An inves t iga t ion  has been made t o  determine the  longi tudina l  sta- 
b i l i t y  and cont ro l  c h a r a c t e r i s t i c s  a t  a Mach number of 2.01 of a hyper- 
sonic mis s i l e  configurat ion having all-movable cruciform wings and tails .  
The e f f e c t s  of de f l ec t ing  the  wing and t a i l  surfaces  ind iv idua l ly  and i n  
combination were determined f o r  an  angle-of-attack range of about -1’ 
t o  270. A l imi ted  amount of r o l l  control  da ta  w a s  a l s o  obtained. The 
inves t iga t ion  w a s  made i n  the  Langley 4- by 4-foot supersonic pressure 
tunnel  a t  a Reynolds number of about 7.42 x 106 based on the  model length.  

Deflect ions of t he  wing and t a i l  controls  i n  combination provided 
t h e  h ighes t  t r i m  values of angle of a t t ack  and normal force  bu t  a t  the  
cos t  of high values of drag. The highest  values of t r i m  l i f t - d r a g  r a t i o  
were obtained by using the  t a i l  controls  alone. 
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D i f f e r e n t i a l  de f l ec t ion  of t h e  v e r t i c a l  t a i l s  provided a su i t ab le  
means of r o l l  control,  whereas d i f f e r e n t i a l  def lec t ion  of t he  v e r t i c a l  
wings w a s  l e s s  des i rab le  because of a nonlinear va r i a t ion  of r o l l i n g  
moment wi th  angle of a t t a c k  and a large adverse yawing moment. 

INTRODUCTION 

I n  order  t o  obta in  information on t h e  s t a b i l i t y  and cont ro l  charac- 

The 
t e r i s t i c s  of configurat ions t h a t  o f f e r  promise as hypersonic missiles, 
a n  inves t iga t ion  of a family of missi le  models has been undertaken. 
i n i t i a l  phases of t h e  inves t iga t ion  are reported i n  reference 1 f o r  a 

b 
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Mach number of 2.01 and i n  reference 2 f o r  Mach numbers from 2.29 t o  4.65. 
The con t ro l  c h a r a c t e r i s t i c s  a t  Mach numbers of 2.01, 4.65, and 6.8 of two 
configurations, one having low-aspect-ratio cruciform wings with t r a i l i n g -  
edge f l a p  con t ro l s  and one having a flared afterbody and all-movable 
cruciform controls,  a r e  presented i n  reference 3. This inves t iga t ion  
has been extended t o  determine t h e  s t a b i l i t y  and con t ro l  c h a r a c t e r i s t i c s  
of the b a s i c  body of t h e  family of mis s i l e  models i n  combination with t h e  
t ra i l ing-edge f l a p  con t ro l s  of reference 3 which are used as t a i l s  and 
all-movable cruciform wing con t ro l s  a t  a Mach number of 2.01. Resul ts  
are presented with a l imi t ed  ana lys i s .  

SYMBOLS 

The force and moment c o e f f i c i e n t s  are r e f e r r e d  t o  t h e  body-axis 
system except t h e  l i f t  and drag coe f f i c i en t s ,  which are r e f e r r e d  t o  
t h e  wind-axis system. For t h e  b a s i c  data,  t h e  moment reference point  
i s  located a t  50 percent of t h e  body length.  

CN 

CL 

CD 

Cm 

Cn 

Normal fo rce  normal-force coe f f i c i en t ,  
S A  

L i f t  l i f t  coe f f i c i en t ,  - 
S A  

Axial  fo rce  ax ia l - fo rce  coe f f i c i en t ,  
SA 

Drag 
drag coe f f i c i en t ,  - 

SA 

Pi tching moment 
pitching-moment coe f f i c i en t ,  

SAd 

Yawing moment 
yawing-moment c o e f f i c i e n t  , 

SAd 

rolling-moment coe f f i c i en t ,  Rolling moment 

side-force coe f f i c i en t ,  Side fo rce  
SA 

L/D l i f t - d r a g  r a t i o ,  s / C D  

9 free-stream dynamic pressure,  lb/sq f t  
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A cross-sect ional  area of body base, sq in. 

d diameter of body base, in.  

X longi tudina l  dis tance rearward of nose, in.  

2 body length, in. 

r body radius,  in.  

a angle of a t tack ,  deg 

all-movable-wing-control deflection, p o s i t i v e  when t r a i l i n g  
edge i s  down o r  t o  the l e f t ,  deg 

s, 

E t  t a i l  def lect ion,  p o s i t i v e  when t r a i l i n g  edge i s  down o r  t o  
the  l e f t ,  deg 

Subscripts:  

b base 

t r i m  value a t  t r i m  conditions 

h hor izonta l  

V v e r t i c a l  

MODEL DESCRIPTION 
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Geometric d e t a i l s  of t he  model are  presented i n  f igu re  1 and table I. 
Coordinates of t he  forebody are presented i n  table 11. 
s i s t e d  of a ?-cal iber  forebody (a round nose followed by a conical  
sec t ion)  t h a t  faired i n t o  a 3-cal iber  cy l ind r i ca l  afterbody sect ion.  
Two sets of cruciform all-movable controls  were at tached t o  the model. 
These cont ro ls  were f la t  p l a t e s  with rounded leading edges and b lunt  
t r a i l i n g  edges. 
nodi f ied  70' d e l t a  planform with the control  hinge l i n e  loca ted  a t  the  
46.7-percent body s t a t i o n  and at  68.7 percent of t he  root-chord l i n e  of 
the  control .  
tai ls)  had rectangular  planforms w i t h  the  hinge l i n e  located a t  the  
93.3-percent body s t a t i o n  and a t  33 percent of the  root-chord l i n e  of 
t h e  control .  

The model con- 

One set of cont ro ls  ( the  all-movable wings) had a 

The o t h e r  s e t  of controls ( t he  hor izonta l  and v e r t i c a l  
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APPARATUS, TESTS, AND CORIBCTIONS 

Tests were made i n  the  Langley 4- by &-foot supersonic pressure 
tunnel  a t  a Mach number of 2.01. Force and moment da t a  were measured 
through the  use of a six-component i n t e r n a l  strain-gage balance. The 
conditions under which t e s t s  were conducted are presented i n  the  
following table : 

Stagnation temperature, OF . . . . . . . . . . . . . . . . . . . .  100 
Stagnation pressure,  lb/sq in .  abs . . . . . . . . . . . . . . . .  12 * 
Reynolds number based on body length . . . . . . . . . . . .  7.42 X lo6 

The stagnat ion dewpoint w a s  maintained s u f f i c i e n t l y  low t o  prevent 
condensation e f f e c t s  i n  t h e  t e s t  sec t ion .  

The angles  of a t t a c k  were corrected f o r  t h e  de f l ec t ion  of t h e  bal- 
ance and s t i n g  under load. 
axial  fo rce  w a s  adjusted t o  a base pressure equal t o  free-stream s t a t i c  
pressure.  
a t t s c k  i s  shown i n  f i g u r e  2. 

The base pressure w a s  measured, and the  

The v a r i a t i o n  of base axial-force c o e f f i c i e n t  with angle of 

Estimated maximum probable e r r o r s  i n  the  r e s u l t s ,  based on 0.5  
percent of t h e  maximum balance loads, a r e  as follows: 

0 C” CL (a = 0 ). . . . . . . . . . . . . . . . . . . . . . . . .  kO.120 
c*, CD (a = 00). . . . . . . . . . . . . . . . . . . . . . . . .  to.003 
c,. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.110 
c n .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  +0.110 

c 2 . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  ko.033 
c y . .  . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  kO.120 

* 

a 

It i s  bel ieved t h a t  t h e  a c t u a l  e r r o r s  a r e  somewhat l e s s  than these  
estimated e r r o r s  because the  loads on t h e  balance were w e l l  wi th in  t h e  
balance l i m i t s  f o r  a l l  but  t h e  highest  angles  of a t t ack .  The angles  
of a t t ack  are co r rec t  within fO.2O and t h e  con t ro l  d e f l e c t i o n  angles, 
within +O. lo. 

PRESENTATION OF RESULTS 

The r e s u l t s  of t he  i n v e s t i g a t i o n  are presented i n  t h e  following . 
f igu res  : 
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Variat ion of base ax ia l - force  coef f ic ien t  with angle 

Effect  of ho r i zon ta l - t a i l - con t ro l  def lec t ion  on 
of a t tack .  6w,v = 0'; = 0'. . . . . . . . . . . . . . . .  

6 t ,  v 
aerodynamic c h a r a c t e r i s t i c s  i n  pitch.  6 = 0'; 

W = o  O . . . . . . . . . . . . . . . . . . . . . . . . . . .  

Effect  of wing-control de f l ec t ion  on aerodynamic 
c h a r a c t e r i s t i c s  i n  p i t c h  f o r  various de f l ec t ions  of 
t he  hor izonta l  t a i l .  

Longitudinal t r i m  c h a r a c t e r i s t i c s  f o r  h o r i z o n t a l - t a i l  

Longitudinal t r i m  c h a r a c t e r i s t i c s  f o r  wing cont ro ls  a t  
var ious de f l ec t ions  of hor izonta l  ta i ls .  

6w,v = 0'; 6t,v = 0'. . . . . . . . . . .  
cont ro ls .  6, = 00; = o  O . . . . . . . . . . . . . . . . .  

6t ,v  = 0' . . . . . .  
= oo . . . . . . .  

t , h  
R o l l  con t ro l  cha rac t e r i s t i c s .  6 = 0'; 6 

w,h 

SUMMARY OF RESULTS 
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Figure 

All t h e  configurat ions had t h e  nonlinear va r i a t ions  of CN and C, 

t h a t  are t y p i c a l  of a configuration with s m a l l  low-aspect-ratio with 
l i f t i n g  surfaces  ( f i g s .  3 and 4) .  
increasing angle of a t t a c k  presents  a d i f f i c u l t  longi tudinal-control  
problem. 
s t a b i l i t y  a t  low angles of a t tack ,  r e s u l t s  i n  l a rge  values  of Cm t o  
be trimmed by t h e  controls .  To reduce these t r i m i n g  requirements with 
a more rearward moment-center loca t ion  would r e s u l t  i n  t h e  conf igura t ion ' s  
becoming unstable  a t  low angles  of a t tack.  The increments of C, pro- 
duced by de f l ec t ion  of t he  wings and t a i l s  were near ly  constant with 
angle of a t tack ,  although the  increments i n  CN and % due t o  l a rge  
de f l ec t ions  of t h e  wings diminished rap id ly  a t  high angles of a t t a c k  
( f i g .  4 ) .  

a 
The la rge  increase i n  s t a b i l i t y  with 

A forward loca t ion  of t h e  moment center ,  necessary t o  insure 

Deflect ing the  wing with the  hor izonta l  t a i l  f ixed  a t  -20' pro- 
vided t h e  h ighes t  values of a+rim and $,trim bu t  a t  $he cos t  of 
high values  of CD, trim and r e su l t i ng ly  low values of 
(Compare da t a  from f i g s .  5 and 6.) 
e f f e c t i v e  as cont ro ls  than t h e  wings alone ( f i g .  6(a))  and near ly  as 
e f f e c t i v e  as the  wings used i n  combination with a t a i l  de f l ec t ion  of 
-10' ( f i g .  6 ( b ) ) .  The h ighes t  values of (L/D)trim and lowe s t  values 

of drag w e r e  obtained by using t h e  t a i l s  alone f o r  con t ro l  ( f i g .  5 ) .  

(L/D)trim. 
The t a i l s  alone ( f i g .  5 )  were more 
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Di f f e ren t i a l  de f l ec t ion  of t he  v e r t i c a l  t a i l s  f o r  roll cont ro l  
provided approximately constant values  of C2  throughout the  angle- 

of-at tack range, with small values of favorable 
of a t t ack  t h a t  increased with increas ing  angle of a t t a c k  ( f i g .  7 (a ) ) .  
The v e r t i c a l  wings appeared t o  be l e s s  des i r ab le  for roll cont ro l  because 
of the nonl inear  va r i a t ion  of r o l l i n g  moment with angle of a t t a c k  and t h e  
l a rge  nonlinear va r i a t ions  of adverse yawing moment obtained ( f i g .  7( b)  ) . 

Cn a t  low angles 

Langley Research Center, 
National Aeronautics and Space Administration, 

Langley Field,  Va. ,  January 18, 1961. 
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TABLE I.- GEOMETRIC CHARACTERISTICS OF MODEL 

Body: 
Length, i n  . . . . . . . . . . . . . . . . . . . . . . . . . . .  30.00 
Diameter. i n  . . . . . . . . . . . . . . . . . . . . . . . . . .  3.00 
Maximum cross-sectional area. sq i n  . . . . . . . . . . . . . .  7.07 
Length-diameter r a t i o  . . . . . . . . . . . . . . . . . . . . .  10.00 
Fineness r a t i o  of forebody . . . . . . . . . . . . . . . . . .  5.00 
Moment-center location, percent body length . . . . . . . . . .  50.00 

All-movable w i n g s  : 
Exposed area, per  pair ,  sq i n  . . . . . . . . . . . . . . . . .  15.70 
Total span. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  7.42 
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  6.40 
Tip chord, i n  . . . . . . . . . . . . . . . . . . . . . . . . .  0.33 
Leading-edge sweep angle, deg . . . . . . . . . . . . . . . . .  70 
Thickness, i n  . . . . . . . . . . . . . . . . . . . . . . . . .  0.19 
Hinge-line location, percent body length . . . . . . . . . . .  46.7 
Hinge-line location. percent root chord . . . . . . . . . . . .  68.7 

T a i l s  : 
Exposed area, per  pair ,  sq i n  . . . . . . . . . . . . . . . . .  
Total  span, i n  . . . . . . . . . . . . . . . . . . . . . . . . .  
Root chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  
Tip chord. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  
Leading-edge sweep angle. deg . . . . . . . . . . . . . . . . .  
Thickness. i n  . . . . . . . . . . . . . . . . . . . . . . . . .  
Hinge-line location. percent body length . . . . . . . . . . .  
Hinge-line location. percent root chord . . . . . . . . . . . .  

8.04 
5.68 
3.00 
3.00 

0 
0.19 
93.3 
33.3 

8 



8 

TABU 11.- COORDINATES OF FOmBODY 
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Figure 2.- Variation of base axial-force coefficient w i t h  angle of 
attack. %,v = oo; %,v = oo. 
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Figure 3.- Effect of horizontal-tail-control deflection on aerodynamic 
characteristics in pitch. S, = 0'; 6t,v = 0'. 
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Figure 3 .  - Concluded. 
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Figure 4.- Effect of wing-control deflection on aerodynamic characteris- 
tics in pitch f o r  various deflections of the horizontal tail. 
6w,v = 00; 6t,v = 00. 
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(a) Concluded. 

Figure 11. - Continued. 
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(b) 6t,h = -10'. 

Figure 4.- Continued. 
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(b) Concluded. 

Figure 4. - Continued. 
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‘4 0 4 8 12 16 20 24 28 32 36 

a, deg 

(e )  tjt,h = -2OO. 

Figure 4. - Continued. 
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(c) Concluded. 

Figure 4. - Concluded. 
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controls. S, = 0'; 8t,v = oo. 
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Figure 6.- Longitudinal trim characteristics for w i n g  control 
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